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Cross-Reference To Related Applications 

This application is a divisional of U.S. Serial No. 09/879,293, now pending. This 
application claims priority to co-owned U.S. Provisional Patent Applications Serial No. 
60/261,343 filed January 13, 2001, Serial No. 60/263,739 filed January 24, 2001, Serial No. 
60/282,029 filed April 6, 2001, and Serial No. 60/286,952 filed April 26, 2001, the 
disclosures of which are incorporated herein by reference. 

Field Of The Invention 

This invention relates generally to a system and method for positioning an organ, and 
more particularly to a system capable of positioning, manipulating, stabilizing and/or holding 
a heart during cardiac surgery. This invention also relates to a positioning system and 
method that includes monitoring one or more chemical, physical or physiological 
characteristics of a bodily tissue or fluid during a medical procedure. 

Background of the Invention 

This invention relates generally to a device and method for positioning an organ, such 
as the heart, and more particularly to a suction device for grasping, orienting and/or 
positioning an organ, such as the heart during cardiac surgery. 

Coronary artery disease remains the leading cause of morbidity and mortality in 
Western societies. Coronary artery disease is manifested in a number of ways. For example, 
disease of the coronary arteries can lead to insufficient blood flow to various areas of the 
heart. This can lead to the discomfort of angina and the risk of ischemia. In severe cases, 
acute blockage of coronary blood flow can result in irreversible damage to the myocardial 
tissue including myocardial infarction and the risk of death. 

A number of approaches have been developed for treating coronary artery disease. In 
less severe cases, it is often sufficient to merely treat the symptoms, with pharmaceuticals, or 
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treat the underlying causes of the disease, with lifestyle modification. In more severe cases, 
the coronary blockage can be treated endovascularly or percutaneously using techniques such 
as balloon angioplasty, atherectomy, laser ablation, stents, and the like. 

In cases where these approaches have failed or are likely to fail, it is often necessary 
to perform a coronary artery bypass graft procedure. This procedure generally consists of the 
following steps: First, direct access to the heart is achieved. This is usually done by opening 
the chest by median sternotomy and spreading the left and right rib cage apart; and opening 
the pericardial sac to achieve direct access to the heart. 

Next, a blood vessel or vessels for use in the graft procedure are mobilized from the 
patient. This usually entails mobilizing either a mammary artery or a saphenous vein, 
although other graft vessels may also be used. 

Next, a heart-lung or cardiopulmonary bypass is performed. This usually entails 
arterial and venous cannulation, connecting the bloodstream to a heart-lung machine, cooling 
the body to about 32 degrees Celsius, cross-clamping of the aorta and cardioplegic perfusion 
of the coronary arteries to arrest and cool the heart to about 4 degrees Celsius. The arrest or 
stoppage of the heart is generally required because the constant pumping motion of the 
beating heart would make surgery upon the heart difficult in some locations and extremely 
difficult if not impossible in other locations 

Once cardiac arrest is achieved, then a graft (or grafts) is attached to the relevant 
portions of a coronary artery (or arteries) followed by weaning from the cardiopulmonary 
bypass, restarting the heart and decannulation. Finally the chest is closed. 

One area which may create difficulties for the patient and extra expense and time for 
the procedure involves the cardiopulmonary bypass. In a cardiopulmonary bypass all the 
patient's blood, which normally returns to the right atrium, is diverted to a system which 
supplies oxygen to the blood and removes carbon dioxide and returns the blood, at sufficient 
pressure, into the patient's aorta for further distribution into the body. Generally such a 
system requires several separate components, including an oxygenator, several pumps, a 
reservoir, a blood temperature control system, filters as well as flow, pressure and 
temperature sensors. 

Problems may develop during cardiopulmonary bypass due to the reaction blood has 
to non-endothelially lined surfaces, i.e. surfaces unlike those of a blood vessel. In particular, 
exposure of blood to foreign surfaces results in the activation of virtually all the humoral and 
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cellular components of the inflammatory response, as well as some of the slower reacting 
specific immune responses. Other complications from cardiopulmonary bypass include loss 
of red blood cells and platelets due to shear stress damage. In addition, cardiopulmonary 
bypass requires the use of an anticoagulant, such as heparin. This may, in turn, increase the 
risk of hemorrhage. Finally cardiopulmonary bypass sometimes necessitates giving 
additional blood to the patient. The additional blood, if from a source other than the patient, 
may expose the patient to blood born diseases. 

Due to the risks incurred during cardiopulmonary bypass, others have attempted to 
perform a coronary artery bypass graft procedure without cardiac arrest and cardiopulmonary 
bypass. For example, Trapp and Bisarya in "Placement of Coronary Artery Bypass Graft 
Without Pump Oxygenator", Annals Thorac. Surg. Vol. 19, No. 1, (Jan. 1975) pgs. 1-9, 
immobilized the area of the bypass graft by encircling sutures deep enough to incorporate 
enough muscle to suspend an area of the heart and prevent damage to the coronary artery. 
More recently Fanning et al. in "Reoperative Coronary Artery Bypass Grafting Without 
Cardiopulmonary Bypass", Annals Thorac. Surg. Vol. 55, (Feb. 1993) pgs. 486-489 also 
reported immobilizing the area of the bypass graft with stabilization sutures. 

Suction stabilization systems, such as the Medtronic OCTOPUS® Tissue Stabilizer 
and Accessories (available from Medtronic, Inc., Minneapolis, Minnesota USA), the current 
model being designated the "OCTOPUS 3™ stabilization system", use suction to grip and 
immobilize the surface of the heart. Additionally, the system allows the surgeon to 
manipulate the anastomosis site into better view by rotating and supporting the heart. See, 
also, e.g., U.S. Patent Nos. 5,836,311; 5,927,284 and 6,015,378, and co-assigned US Patent 
Applications Serial No. 09/396,047, filed September 15, 1999, Serial No. 09/559,785, filed 
April 27, 2000, and Serial No. 09/678,203, filed October 2, 2000; and European Patent 
Publication No. EP 0 993 806. The OCTOPUS™ stabilizer facilitates moving or 
repositioning the heart to achieve better access to areas which would otherwise be difficult to 
access, such as the posterior or backside of the heart. 

Summary of the Invention 

This invention provides an organ positioning device and method that employs suction 
to hold organ tissue to the device. The device allows the organ, for example, heart to be 
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positioned in a desired orientation but otherwise allowing movement of the heart as the heart 
beats. The device is designed to be relatively atraumatic to heart tissue. . 

Generally, a heart positioning device of the present invention comprises a resiliently- 
flexible suction pad or head having a plurality of legs that flex to conform to the surface of 
the heart. The suction pad has vacuum passageways in fluid communication with the legs to 
apply suction between the legs and the surface of the heart. A vacuum line is connected to the 
vacuum passageway. A support arm is connected to the suction pad to position the suction 
pad to thereby position or hold the heart. 

The suction pad preferably is generally starfish-shaped in addition to being resiliently 
flexible so that the legs flex to conform and/or collapse partly or completely to the surface of 
the heart, and can be attached with suction to the heart at the apex of the heart or elsewhere 
along the heart. The starfish shape also allows the suction pad to be oriented relative to the 
anatomy of the heart, for example, to improve access to an artery. 

A second aspect of the invention is the method of use of the device to position or 
orient the heart during cardiac surgery, such as but not limited to open-chest, beating-heart 
surgery. 

In a third aspect of the invention, a heart positioning device generally comprises a 
suction head having a vacuum passageway for applying suction between the suction head and 
the surface of the heart, a vacuum line connected to the vacuum passageway, a support arm 
connected to the suction head to position the suction head to thereby position or hold the 
heart, and a bellows-type suspension element connecting the suction head and support arm. 
The bellows-type suspension element flexes to allow the suction head to move in response to 
beating of the heart. 

A fourth aspect of the invention is a suction head for use in a heart positioning device. 
The suction head is formed of resiliently flexible material. The suction head has at least one 
vacuum passageway for applying suction to the surface of the heart, and a resiliently flexible 
peripheral flange. The suction head and/or flange is sufficiently resiliently flexible that the 
suction head draws down toward the surface of the heart more than the surface of the heart is 
pulled into the suction head. 

A fifth aspect of the invention is a suction head having a porous material such as a 
porous membrane, screen, mesh, open cell foam, fabric or the like intermediate between the 
tissue and vacuum orifice to prevent the vacuum orifice and tissue from being drawn together 
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and closing the orifice. This is particularly important for fatty tissues on the heart that may 
be pulled into the suction head and block the fluid communication between the vacuum 
passageway and the vacuum channels. During operation of the device, the porous material 
may engage tissue and may be provided with a textured surface to improve frictional contact 
with the tissue. 

The device may be used, for example, in combination with a heart stabilizer, such as 
the stabilization system sold under the trade designation "OCTOPUS 3"™ by Medtronic, 
Inc., Fridley, Minnesota, USA. See, also, e.g., US Patent Nos. 5,836,311; 5,927,284 and 
6,015,378, and co-assigned US Patent Application Serial No. 09/396,047, filed September 
15, 1999, Serial No. 09/559,785, filed April 27, 2000, and Serial No. 09/678,203, filed 
October 2, 2000. 

Brief Description of the Drawings 

The invention will be further described with reference to the drawing wherein 
corresponding reference characters indicate corresponding parts throughout the several views 
of the drawing, and wherein: 

Figure 1 is a perspective view of a preferred embodiment of the heart positioning 
device of the invention; 

Figure 2 is a top view of the device of figure 1; 

Figure 3 is a side view of the device of figures 1 and 2; 

Figure 4 is a perspective view of a preferred embodiment of the suction pad of the 
device of figures 1-3; 

Figure 5 is a top view of the suction pad of figure 4; 

Figure 6 is a bottom view of the suction pad of figures 4 and 5; 

Figures 7-10 are front, right, back and left side views of the suction pad of figures 4- 

6; 

Figure 1 1 is a perspective view of a first alternative embodiment of the suction pad; 

Figure 12 is a top view of the suction pad of figure 11; 

Figure 13 is a bottom view of the suction pad of figures 1 1 and 12; 

Figures 14-17 are front, right, back and left side views of the suction pad of figures 

11-13; 
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Figure 18 is a perspective view of a second alternative embodiment of the suction 

pad; 

Figure 19 is a top view of the suction pad of figure 18; 

Figure 20 is a bottom view of the suction pad of figures 18 and 19; 

Figures 21-24 are front, right, back and left side views of the suction pad of figures 

18-20; 

Figure 25 is a perspective view of a third alternative embodiment of the suction pad; 

Figure 26 is a top view of the suction pad of figure 25; 

Figure 27 is a bottom view of the suction pad of figures 25 and 26; 

Figures 28-31 are front, right, back and left side views of the suction pad of figures 

25-27; 

Figure 32 is a perspective view of a fourth alternative embodiment of the suction pad; 

Figure 33 is a top view of the suction pad of figure 32; 

Figure 34 is a bottom view of the suction pad of figures 32 and 33; 

Figures 35-38 are front, right, back and left side views of the suction pad of figures 

32-34; 

Figure 39 is a perspective view of a fifth alternative embodiment of the suction pad; 

Figure 40 is a top view of the suction pad of figure 39; 

Figure 41 is a bottom view of the suction pad of figures 39 and 40; 

Figures 42-45 are front, right, back and left side views of the suction pad of figures 

39-41; 

Figure 46 shows a cross section through a preferred embodiment of the suction pad of 
the invention; 

Figure 47 is a cross section similar in some respects to figure 46 illustrating 
deformation of the suction pad against the surface of the heart; 

Figure 48 is a side view of yet another suction pad of the invention with portions cut 
away to illustrate a dimples on the inner wall of the peripheral flange thereof; 

Figure 49 is a bottom view of the suction pad of figure 48; 

Figures 50 and 51 is a side views of further embodiments of the heart positioner of 
the invention; 

Figure 52 is a side view of a filter element provided in the heart positioner of figure 

51; 
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Figure 53 is an end view of the filter of figure 52; 

Figure 54 is a stress strain graph generally illustrating spring rates of a bellows-type 
suspension element of a preferred suction head or pad; 

Figures 55 and 56 are perspective views of additional preferred embodiments of the 
heart positioner of the invention; 

Figure 57 is a bottom view of an alternative embodiment of the suction pad; 

Figure 58 is a bottom view of an alternative embodiment of the suction pad; 

Figure 59 is a side view of an alternative embodiment of the suction pad; and 

Figure 60 is a side view of an alternative embodiment of the suction pad. 

Figure 61 is a top view of the device of the invention positioning a heart for treatment 
of the anterior wall of the heart. 

Figure 62 is a top view of the device of Figure 61 in cooperating relationship with an 
OCTOPUS® stabilization device. 

Detailed Description of Preferred Exemplary Embodiments 

Heart positioning device 50, as shown in figures 1-3, generally comprises a 
resiliently-flexible suction pad 52, a support arm 54 and a clamping mechanism 56 for 
attaching the support arm 54 to a structure, such as a retractor, that is fixed relative to a 
patient. 

As used herein, the terms "proximal" or "proximal direction" refer to the direction 
along the support arm toward the clamping mechanism 56, and the terms "distal" or "distal 
direction" refer to the direction along the support arm 54 toward the suction pad 52. 

As used herein, the terms "vacuum" or "suction" refer to negative pressure relative to 
atmospheric or environmental air pressure in the operating room. 

The support arm 52 is preferably of the type that can readily be changed between a 
flexible or articulating condition and a rigid condition. The support arm 52 preferably 
comprises a plurality of rigid members that are free to articulate relative to one another until 
a central cable pulls the rigid members together to lock the support arm in a rigid condition. 
The cable is controlled, for example, by a handle 58 that rotates to pull tension on the cable, 
thereby drawing the rigid members together to lock them into position. Each rigid member 
has opposite ends, one of which is concave and the other of which is convex (e.g., 
hemispherical). The convex end of one rigid member fits into the concave end of the 
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adjacent rigid member, and allows the member to articulate relative to the adjacent member 
if the central cable has not been tensioned to lock the rigid members together. Most 
preferably, the rigid members are not of uniform cross section, with the rigid members closer 
to the distal end having a smaller cross section than the rigid members closer to the proximal 
end. A suitable articulating mechanism could be similar to the type used in the "OCTOPUS 
3"™ tissue stabilization system sold by Medtronic, Inc., Minneapolis, Minnesota USA. See, 
also, the articulating arm mechanisms disclosed in US Patent Nos. 5,836,311; 5,927,284 and 
6,015,378, co-assigned US Patent Application Serial No. 09/396,047, filed September 15, 
1999; and Serial No. 09/678,203, filed October 2, 2000, and European Patent Publication No. 
EP 0 993 806'. 

The support arm 54 is connected to the suction pad 52 to position the suction pad 52 
to thereby position or hold the heart. Preferably, the mechanism 60 connecting the suction 
pad 52 to the support arm 54 permits the suction pad 52 to rotate on two axes relative to the 
support arm 54. For example, the suction pad 52 is permitted to rotate relative to the support 
arm 54 along a first axis A-l, and a pivotable element 60 connected to the suction pad 52 is 
free to pivot along a second axis A-2 generally perpendicular to the first axis A-l. The 
suction pad 52 is allowed to pivot along these two axes even after the support arm 54 is 
locked into its rigid condition. 

The suction pad 52 has a plurality of legs 62 that flex to conform to the surface of the 
heart. The legs 62 of the suction pad 52 preferably provide a generally starfish-shaped 
configuration. Preferably, there are 2-4 legs and, most preferably, there are 3 legs 62. The 
legs 62 preferably are generally arcuate, curving downwardly away the suspension element 
68 to the free ends of the legs 62. The legs 62 are sufficiently flexible that they will bend to 
conform to flat or curved surfaces, facilitating use of the suction pad 52 at the apex or 
elsewhere on the heart. 

In use, the legs 62 also allow the suction pad 52 to be oriented to avoid placement 
over particular features of the heart anatomy, such as the cardiac arteries, or to avoid conflict 
with other surgical devices, such as a heart stabilizer of the type sold under the trade 
designation "OCTOPUS" by Medtronic, Inc., Minneapolis, Minnesota, USA. 

Vacuum channels 64 are provided along the tissue-engaging face of the suction pad 
52 in fluid communication with the legs 62 to apply suction between the legs 62 and the 
surface of the heart to grasp the surface. Preferably, there is at least one vacuum channel 64 
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in each leg 62. A vacuum passageway 66 arranged for example along the axis of rotation A- 
1 is in fluid communication with the vacuum channels and a tube fitting 68. A vacuum line 
(not shown) is connected to the tube fitting 68 bringing the vacuum passageway 66 and 
vacuum channels 64 into fluid communication with a conventional vacuum source (not 
shown). 

In one aspect of the invention, the vacuum passageway 66 and vacuum channels 64 
are configured to maintain suction in the other legs 62 when one leg 62 is released from the 
heart. Alternatively, the configuration of the passageway 66 and channels 64 can be such as 
to allow the suction pad 52 to be removed under vacuum suction by peeling off one leg 62 
first. 

In one alternative aspect of the invention, the legs are configured and sufficiently 
flexible that they can be drawn against one another to a collapsed position for entering into 
thoracic cavity through a small incision or cannula or port in closed chest surgery. In other 
aspects, the suction pad 52 (including legs 62) are sufficiently resiliently flexible that they 
will flex to allow the suction pad 52 to be pushed through a small incision or cannula, and 
will return to their original shape once inside the chest cavity. The invention is also 
applicable to open chest/split sternum surgery, in particular open chest, beating heart surgery 
for repositioning the heart to improve access to various coronary arteries. 

Preferably, the suction pad 52 is formed of medical grade silicone or thermoplastic 
elastomeric material (e.g., polyurethane). The material selected most preferably has a low 
durometer (e.g., about 50) so that the suction pad 52 tends to conform to the surface of the 
heart and to flex to help seal against the heart to maintain the vacuum in the vacuum channels 
64. The suction pad 52 is preferably sufficiently flexible such that the suction pad 52 draws 
down toward the surface of the heart more than the surface of the heart is pulled into the 
channels 64. Also, preferably, the suction pad is formed of substantially transparent or 
translucent material. 

Also, preferably, the suction pad 52 is integrally molded with at least one resiliently- 
flexible suspension element 68 connecting the suction pad 52 to the support arm 54. The 
suction pad 52 and suspension element 68 may be integrally molded of the same material. 
As used herein, "integral" or "integrally molded" refer to constructions in which one 
continuous piece is formed, rather than separate pieces that are connected together (e.g., 
mechanically or by welding or adhesive). Most preferably, the suspension element 68 
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comprises a bellows type structure (also 68) that resiliently flexes to allow the suction pad 52 
to move in response to beating of the heart. The suspension element 68 is expandable to 
allow the suction pad 52 to stretch or move toward and away from the support arm 54 in 
response to the beating heart. It also allows movement in other directions or rotational and 
twisting motions. 

Most preferably, the suspension element 68 comprises a bellows that flexes as the 
suspension element is stretched. When the bellows flattens out, the effective spring rate of 
the suspension element increases, as generally illustrated in figure 54. Preferably, the suction 
passageway 66 extends through the bellows-type suspension element 68. In such preferred 
embodiments, the bellows provides the further advantage of keeping the suction passageway 
66 open through normal stretching of the bellows. In an alternate preferred embodiment, the 
suspension element comprises a two-stage or multi-stage bellows providing a varying spring 
rate between stages, as well as a high spring rate when the bellows is stretched until flattened 
out. 

Preferably, at least one tissue-engaging structure 70 (also referred to as a standoff) is 
provided within each channel 64 to prevent the channels 64 from being closed off as tissue 
and suction pad 52 are drawn together to allow continued fluid communication along the 
channels 64. In addition, a plurality of tissue engaging structures 72 are provided adjacent 
the orifice of the vacuum passageway 66 to prevent the orifice and tissue being drawn 
together to close the orifice, thereby maintaining fluid communication between the vacuum 
passageway 66 and the channels 64. The tissue engaging structures 72 are preferably 
elongate having a direction of elongation extending generally radially with respect to the 
orifice. 

Figures 46 and 47 illustrate a preferred embodiment of the suction pad, here 100, in 
which a resiliently flexible flange 102 resiliently deforms against heart tissue 103 to form a 
seal to help maintain the vacuum in the vacuum channel 104. The standoff or tissue 
engaging member 106 limits how far the suction pad 100 can be pulled down toward the 
surface of the heart to maintain the vacuum channel 104, as illustrated in figure 47. Most 
preferably, the end 108 of each flange is beveled as illustrated in figure 46 so that the 
laterally outward edge of each end 108 extends further than the laterally inward edge of each 
end. The flange 102 extends along substantially the entire periphery of the suction pad 100 
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so that vacuum can be maintained in the area defined between the flange 102, the body of the 
suction pad 100 and the surface of the heart. 

Figures 48 and 49 illustrate yet another embodiment of the suction pad, here 
designated 200, in which a plurality of bumps 202 are provided on the inner surface of a 
resiliently flexible peripheral flange 204. Most preferably, the bumps 202 are generally 
hemispherical convex structures forming an integral part of the inner surface of the 
peripheral flange 204. When suction is pulled through the vacuum channel, the bumps 202 
are pulled against the epicardium as the flanges deforms against the epicardium. The bumps 
202 help retain the suction pad 200 in place on the heart. 

Most preferably, the bumps 202 may be arranged in an alternating pattern, aligned 
pattern or irregular pattern, for example. 

Textures other than bumps are also contemplated, such as dimples, spikes, ridges, 
grooves (e.g., microgrooves), roughened texture (e.g., microtextured), surface grain, strips, 
ribs, channels, ruts, embedding or adhering abrasive particles in or on the surface, gluing or 
laminating the texture onto the surface, or other surface treatments, conditions or 
configurations that increase the grip of the inner surface of the flange 204 on the epicardium. 
It is also contemplated that the other underside surfaces of the suction pad, and in particular 
the ends of the flange, could be textured to increase surface area and/or gripping. For 
example, a texture is preferably provided on the tissue-engaging structures or stand-offs 206, 
and this texture may be in the same form as the texture on the inner surface of the peripheral 
flange 204 or a different gripping texture. The texture may be formed by any suitable 
methods, such as by molding, chemical etching, roughening with sandpaper or other 
abrasives (e.g., sand blasting), electrical means (such as EDM machining), thermal means, or 
laser etching, for example. 

Figure 50 illustrates another embodiment of the heart positioner, here designated 300, 
in which the tube fitting 302 includes a ninety degree bend. The tube fitting 302 receives a 
vacuum line. The suction pad 304 and tube fitting 302 preferably are free to rotate relative to 
the end 306 of the arm 308. Figure 51 illustrates yet another embodiment of the heart 
positioner, here designated 400, in which a filter element 402 is provided within the tube 
fitting 404. The filter element 402 preferably includes a through bore 406 as illustrated in 
figures 52 and 53. 
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Figures 55 and 56 illustrate additional embodiments of the heart positioner of the 
invention, in which the positioner does not include a rigid support arm. Figure 55 illustrates 
a heart positioner 500 comprising a suction pad or head 502 and a vacuum tube 504, which 
provides vacuum to the suction head 502 and provides a tether or means for manipulating 
and holding the suction head 502 to position and orient the heart. Figure 56 illustrates a heart 
positioner 600 comprising a suction pad or head 602, vacuum tube 604, and suture or line 
606 that provides a tether or means for manipulating and holding the suction head 602 to 
position and orient the heart. The suture 606 is retained in a suture guide, clamp or lock 608 
provided, for example, on a sternal retractor 610, although it is also contemplated that it 
could be retained on a rib retractor, port, cannula or other device or mechanism, or mounted 
on the patient, operating table or other stable or stationary object. 

Figure 57 illustrates yet another embodiment of the suction pad, here designated 700, 
in which a plurality of bumps 702 are provided on the inner surface of a resiliently flexible 
peripheral flange 704. In this embodiment, suction pad 700 includes a plurality of tissue 
engaging structures 772 adjacent orifice 705 of a vacuum passageway. Suction pad 700 also 
includes a resiliently-flexible, bellows-type suspension element 768 for connecting the 
suction pad to a support arm. In this embodiment, suction pad 700 and suspension element 
768 are integrally molded of the same material. 

Figure 58 illustrates yet another embodiment of the suction pad 700, in which a 
porous material 750 such as a porous membrane, screen, mesh, open cell foam, fabric or the 
like may be used to help prevent the orifice and tissue being drawn together to close the 
orifice, thereby maintaining fluid communication between the vacuum passageway and the 
vacuum channels. During operation of the device, the porous material 750 may engage tissue 
and may be provided with a textured surface to improve frictional contact with the tissue. 
The porous material 750 may be placed on top of standoffs and/or, as shown in this 
embodiment, may be placed on top of tissue engaging structures 772. As shown in figure 59, 
the surface of the porous material 750 may comprise bumps 751. The porous material 750 
may comprise a number of materials including metallic, ceramic and/or polymeric materials. 
The porous material may be made of synthetic or natural materials. In one preferred 
embodiment of the present invention, the mesh may be made of a medical grade polyester 
mesh made from 70 denier thread having an opening density of about 17 openings per inch. 
In another preferred embodiment, open cell foams may be used with a porosity of about 10 
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openings per inch for thick foams (about 1/4 inch thick) and about 30-50 openings per inch 
for thin foams (about 1/8 inch thick). 

Figure 60 illustrates yet another embodiment of the suction pad, here designated 800, 
in which porous foam 850 is to prevent the orifice and tissue being drawn together to close 
the orifice. The porous foam, e.g., a polymeric foam, may be placed on top of standoffs 
and/or tissue engaging structures or, as shown in this embodiment, may be placed directly 
over the vacuum orifice without the use of standoffs or tissue-engaging structures. 
Alternatively to porous foam other porous materials may be used. 

Also contemplated is including a light pipe in the heart positioner to illuminate the 
suction pad and/or surgical field. A transparent, semi-transparent or translucent suction pad 
could be illuminated merely by placement of the end of a light pipe adjacent the suction pad. 

Also contemplated is the provision of one device that incorporates both the dynamic 
heart positioning suction pad connected to a single arm along with a heart stabilizer, for 
example, of the type sold under the trade designation "OCTOPUS". Most preferably, 
however, the heart positioner and heart stabilizer are different devices, each of which may be 
attached for example to a common sternal retractor. 

Further contemplated are embodiments in which the suction pad is molded of 
multiple materials of different durometers and properties, to form, for example, an 
endoskeleton or exoskeleton to provide varying degrees of stiffness and flexibility along 
different portions of the suction pad. 

Also contemplated is use of a detachable or replaceable suction pad, sets of suction 
pads of different sizes, and/or isolated vacuum passageways to each leg. 

US Patent Nos. 5,836,311; 5,927,284 and 6,015,378, and co-assigned US Patent 
Application Serial No. 09/396,047, filed September 15, 1999, Serial No. 09/559,785, filed 
April 27, 2000, and Serial No. 09/678,203, filed October 2, 2000, are incorporated herein by 
reference. 

In operation, the device can be used in a variety of surgical procedures to position, 
manipulate, stabilize and/or hold a heart. For example, in one procedure the chest is first 
opened by a median sternotomy or thoracotomy, which makes it possible to gain access to all 
chambers and surfaces of the heart. The remainder of the procedure can then be performed 
with the heart arrested as in traditional by-pass surgery or, more preferably, off bypass, while 
the heart is beating and the coronary arteries are under positive blood pressure. Repairs can 
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be made on a beating heart by using heart stabilization systems, such as the Medtronic 
OCTOPUS® Tissue Stabilizer and Accessories (available from Medtronic, Inc., 
Minneapolis, Minnesota USA), the current model being designated the "OCTOPUS 3™ 
stabilization system", by which suction is used to grip and immobilize the surface of the heart 
at or near the desired location for the surgical repair. The OCTOPUS® stabilization system 
also allows the surgeon to manipulate the site for surgical repair into better view by rotating 
and supporting the heart as set forth in e.g., U.S. Patent Nos. 5,836,311; 5,927,284 and 
6,015,378, and co-assigned US Patent Applications Serial No. 09/396,047, filed September 
15, 1999, Serial No. 09/559,785, filed April 27, 2000, and Serial No. 09/678,203, filed 
October 2, 2000; and European Patent Publication No. EP 0 993 806, which are incorporated 
herein by reference in their entirety. The device of the present invention can be used in 
combination with a stabilization system such as the OCTOPUS® stabilization system in 
surgical repair procedures such as in a coronary bypass operation by positioning the heart as 
required by the surgeon to access the coronary arteries or other structures to be repaired. In 
particular, structures such as the circumflex and posterior descending arteries, which lie on 
surfaces of the heart that are more difficult to access in the beating heart, can be accessed by 
the device of the present invention. When accessing various walls of the heart, the suction 
pad 52 of the device can be preferably applied in one of two positions depending on the 
anatomy of the patient and the walls of the heart to be accessed. The first position is directly 
on the apex of the heart, which can be used for positioning for access to the lateral wall, 
posterior wall, or anterior wall of the heart. The second position is an off-apex position 
immediately adjacent to the apex. In particular, the device can be attached to the left 
ventricle immediately lateral to the apex of the heart. This particular off-apex position is 
especially useful for accessing the lateral wall in "apex under right hemisternum" position 
since even modest rightward movement of the apex greatly enhances exposure of proximal 
obtuse marginals. Thus, the device according to the present invention has the ability to be 
effectively attached to the heart not only on the apex but also to near-apex surfaces of the 
heart when that positioning would be desirable. Thus, the references herein to "near-apex", 
"near the apex of the heart" or the like includes application of the suction pad 52 onto the 
apex or onto other surfaces of the heart immediately adjacent to the apex. Prior to engaging 
the heart with the device, the device is preferably clamped by the clamping mechanism 56 
onto a fixed structure such as a retractor and the support arm 54 is adjusted to the desired 
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rigidity or flexibility. The suction pad 52 is then applied onto the heart near its apex, vacuum 
is applied and a portion of the heart is moved from its initial position to a second position 
with one hand on the device and the other hand supporting the heart until the arteries or other 
structures to be repaired are exposed. As the suction pad 52 is applied to the heart, a plurality 
of legs 62 may flex as required to conform to the surface of the heart. The legs 62 are placed 
on the heart by the surgeon in an orientation that avoids any interference between the legs 
and the arteries to be surgically repaired and also in an orientation that avoids any 
interference between the legs and the equipment to be used in making the surgical repair. 
Preferably, the suction pad 52 is placed onto the heart in a position that allows the suspension 
element 68 or bellows structure to be perpendicular to the weight of the portion of the heart 
to be positioned. Preferably, vacuum is applied after positioning the suction pad, which 
causes the suction pad to be drawn down toward the surface of the heart and the legs 62 to 
grasp the surface of the heart. The support arm 54 of the device is then used to move the 
portion of the heart from its initial position into the orientation desired by the surgeon. 
Preferably, the vacuum applied to the device should be a regulated vacuum that reaches 
about 400 mm Hg prior to positioning the heart. The support arm 54 is set in a rigid 
condition in order to hold the heart in the desired position. In this desired position, the heart 
continues to beat and supply blood to the patient because the device maintains the heart in a 
shape that does not produce marked deterioration in hemodynamic performance. Since the 
suction pad 52 is permitted to pivot and rotate on two axes relative to the support arm 54, the 
surgeon may then rotate and/or pivot the heart as required to access the area of the heart to be 
repaired. Figure 61 depicts the device 50 according to the present invention clamped to a 
sternal retractor 610 and arranged for treatment of a heart at an anterior wall. Additional 
tools which stabilize and/or position the heart such as the OCTOPUS® stabilization system 
can also be applied adjacent to the area of the heart to be repaired in order to stabilize the 
heart in that area and also to further position and hold the heart in the orientation that will 
allow the surgeon to make the repair. Figure 62 depicts the addition of an OCTOPUS® 
stabilizer 620 for stabilization of the vessel to be treated. The device may also be used by the 
surgeon during the procedure to reposition the heart in the event that repositioning is needed 
to access the sites of more than one repair or to access a repair site in a more advantageous 
position. Once the surgical repairs are completed, the surgeon releases any stabilization 
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system and then releases the vacuum and removes the device while manually supporting the 
heart. 

As various changes could be made in the above constructions and methods without 
departing from the scope of the invention, it is intended that all matter contained in the 
description or shown in the accompanying drawings be interpreted as illustrative and not in a 
limiting sense. 

It will be appreciated by those skilled in the art that while the invention has been 
described above in connection with particular embodiments and examples, the invention is 
not necessarily so limited, and that numerous other embodiments, examples, uses, 
modifications and departures from the embodiments, examples and uses are intended to be 
encompassed by the claims attached hereto. The entire disclosure of each patent and 
publication cited herein is incorporated by reference, as if each such patent or publication 
were individually incorporated by reference herein. 
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